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(57) Abstract: 

PURPOSE: A method for fabricating polymer 
waveguide and method for fabricating hybrid 
integrated device using the same are provided 
which fabricate an optical device simply with a 
low cost without a polishing process and a dry 
etching process after cutting, and a method for 
fabricating a hybrid Integrated device using the 
same, PONSTITUTION: According to the method 
for fabricating the polymer waveguide (100), a flat 
substrate(10) is prepared, and then a bottom 
clad layer com prising the first polymer is formed 
on a region of the substrate. And a cora layer comprising the second polymer having a refractive Index 
larger than the first polymer is formed on a region on the bottom clad layer. And a top clad layer 
comprising 'ihe third polymer having a refractive Index smaller than the second polymer is formed on 
the bottom clad layer aod on the core layer. The substrate is formed with a silicon, a glass or a 
polymer. 
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#bH, 4343, 4^)4, ^4. 4°1333 33 34, 34433 
3"jsl 444 H°j 

a 14 71* 4^ *(|34 4$ #£.4-5. ^ o|# 440)^ ?H43; 

£ 2fe 4<S 4343*1 ^|afc^* 4>847l fltt 7fl?fE-t: 

Sl 3a 4*1 £ 3cfe 4 443 ^ahioh ^ f a|Dj 4<S4 4347] ?14 ?8434; 

3 4fe 5.3(a) »fl*] £ 3(c)o]l 4# 4eH 4343 443 *S44«fl 344 443 4£ 44 4^1 4^ 7)^ f- 
aH 4343 44?> <I4€ ?S4 444 £ 7l)4£; 

£5^^ 4^3 t^H 43433 *)ia&4'S4 °\&$: *\°}#nzL %q 343 434^3 u i°n 4# 4<*h# 

4*3471 34 7K£S; 4. 

£8^^ 433 444 45433 ^34^4 444 44343 $q 44 434^3 41- oflofi p}« 4i^H* 

^44 34 7fl4£444. 

4'g3 41 $ 4<!i 

4*34 $4* 7l# a 443 4344 

4 *r>84 444 4543 *l|3411 ^ 4# 444 4434^ 4 443 4341H 44 #334 34 
« o >i)4 $4 -S34fc 444 4543 43411 g ojft 0144 44 m 443 *fl£4H°| 
44 3} 0)4. 

^4 Al^of a) 4437} 447Kr ^l7l)«l]f- 4543(Waveguide)43 44, 4&44 4343t 41344 $ 

3 43437} 44, 4444 ig« 43434 4*134 4*344 3#^f-3 i344 444 4S»3 4 
4*Q 4^3 4444 €?l|53 4r444. 444 ^ 4s43{Planar Lightwave Circuit; PLC)4 44^ 314 
34 44 44 44 4H 4^4 ^3» 444 #334 ^43 4>eH1 44 444 444 44 444* 434 

4 m. 

5 14 44 4°H 434 4343 4 «H* 44^4 7ij4£°14, 

£ !^ sgig 7|*(io) 4^)1 ^44 ^4 4S.4SL 44(100')^^ 4 ?H4 4£4ss <$m 4*15:4 vfl 

7})$) ^-£s).s.s. 5<a^>8 47]s)^ ft^^fe 71^4 7 r ^U 44- 

E 14 40] 39 « 714 $H 444ji ^4 »8€^ §447) ^^14 4£^! ^I-S.^ &4 >fl]4 ^• ; 8 0 il A i 4 
sii« 7l*«l °14€4. °14 4*1 "1^ ^14 714-i- c]44?ll ^1^, 4^^ &4^1 ^£7} ^ 
c}xi7i) sin, %4 7l*$] E4t 37i| 4 ^ 4<H tflt ^S4o) 444i ^la 47>7|- ^ ^4^4. 
4^14, 3§>a 7l#$H 44^1 >S« 4£-4s ^4«* 44 ^14471 4S-4^sl 4« 44 ^ 4 

aj 4£4s i4#^ a?l ^ %m ^4«tl4 4£4£^ ^4 ^ ^4 4=3 afe 4*!*i4 43 

o] ^A47i) €4, 

^ 2^ ^4 4£4S£l ^2:4^4 4*847) $14 7fl4£f-°14. £ 2i4 44££ ?4^l ^^4 44^4. 
£ 2m- 4a*>^ 4xi ^ 7]«C10) 4°I1 f sf°l» ^4^1^4 44 Se1)£4(20)4 ^^44. 44i, 4 

* tH3lH4(20) 4<>11 4sl^l# Ei4^ t«W4(31)4 ^-^4 4°1 4^^4(31)4- ^4444. a 44i, 4s 
4s i4As. b]b1 444 344^3(50)* 4^^4(31) 4i 4s|¥^ 4*144 ^444. 344^3(60)fe 4 

«io)] a^.^- o|^^h 4bM4(31)<>1] 444 *«44 ^44 4^4, 4*1^4 44 <^4«- 1^44. 
44«(4, t&M ^4*-s (Developer)* ol44°l 3#4^3(50) 44 4^]4°1 ^44 444 444 4*1 
4 444 ^714*1 ^4 4£4s^ a44(32)# ^^44. 44 4^34(20) 3^14(32) 4«4 f W 
•t 3X4^ 44 €^34(40)4 ^^4 4-1 ^4^1-^ 4^ 434^(100')* 4444- 
44335. 44^1 4$ 714 4ife 47)^ 434^ 4a 4^i 34°! 44 7fla) 434s ^44 A 
3,^0] ^14 n^t^j jg£ 434s i4s5 434S44 a444<>l ^4 a J^s)h.3 444 ?14 4^1 
afls^ 44*1 sgtg ^34S44 ^-^4 tkAs. 4*^4K 444 ^4 ?14 4i 4€ 44^4 "W. 4 
4^4 £fe 44^44 44 A )7l7l ^j4 A 1fe 44 s ! 434^ 4444 3343 3444 sst 4 
^714 s&fe 4-4j^4 4»S4 °l-g-44 ^4^ 3S4 4€ 44^44 ¥ 0 lfe 444 4444 44. 4 4 44 4 
343 442] *!4 43 3fe ^^1^4 444 44 S14. , , , . 

^^l) 4^43§ 44443 31444 ol44°i 444fe ^4^fe 444<>1 33x| ^333 443tsl <34 
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a] sgnf 44444 -ft* 44°] 44P44 «4. 444 4444 4 - 4*1 443 

S*44 344 444«- 4&44 ojd}^o> t>4. o) m, 44 #4£* 4£4 34 4*14 43. 4444- ^ B d4 

1V5L*0 <an> =8-131 fljo)5) |H4 <g444 4l 0 14 44^ <§4€ 2:44* 44^4 q*p> ^4 

ajfl sj-fet)-. 444, 3g4 *<M-* £7]-4 >§44* l!44 4#4 £E4' 4* 44 34 

44 44 4-8-4 34 34 44 444 -¥-444 ^2, 44 44 44^£4 44 4&4S 444 £ 

S444 ^4£44 1^44 444 44 4^ 444 £44 3444 3.711: 4^434 4444 44. 

^43 13 4£4i£ ^44 34* ?fl444* 44 a 3717} 44 444 44 3444 :a444 4 

5A44- sfe 444 j§4 4£4s i^l 344 4* 4^# 4444 331444 44. 444, #44 4£ 44s 

Jg4 434.51 4x7}S] <2t^ 3LH«j) tf|$ 44* 4*84£4 4*)4 €4. , , 

141 4$4*g3 7l4 444 Ji g3 4£4^ ^44 4# 44^7]- 441), t4£4 Efe 14444 
444 444* £4444 4^4 4434 €4* 4444 ^3 ^tf SlS-BS ^3 4 

£4^ i7># 4§ 44:fc44 4444 144 « 4 44. 444 13 t£4& ^44 44-*] 4*1-71 f)44*, 

^^zh s)*i) ij^fe ^4 4444 &* <a-ir 44471 44 44 44 4^3# 14 4£4s &4 44 u 

^4 ^jzj. g 0 )t ^^*>7fl 444 ^ ®,±E.g. 14 #£4s £44 14 44 444 44.2.5. € 44 
44 j4€* ^^§1^ ^ oi ^7}£1t11 si 3i, a?H ^^^4 4»lt 4-8-«D4 4fe $^1^*1 ^4. 
^14 4* »J*14 s§« *£4£ £43 s34*:S £*H4 *W S "1-8- 

^ s§4 =tH4s.# °l-§-4 f £4 4Si £^.^fe »]*4 A 143 4^14?ll *9£ ^ E 

4s &44 4*^1 ?i^ ^5,4 ^ 444 3X14. 

4t- 7|-t^ 4H 

44^), * oi^jix} st-fe 7l^^ 4^fe, §? ^il-il4^tjto] 7^4^ 4^^>73l 4^4 

* -4d.4<T> 91 #2l«l 4£4s.si a|| s4 , 8-i: ^'^4fe ^ ^4- 

£ t^o) 01^34 4^ 4^ 7l#^ 44^, 471 7)#«j 4^1°fl t^4fe S^ 0 ! 4^4^ ^12=4^^ «^14 
tv 4^i ^7i-si 2il£4^£ 4^4^ «| SI 4. 

4 ! 'l^ 4^ ^ 44 

^v 7l 7 i^^ ja-^f. ^447| 4|* * Sis) S 4# 4^4M ^11^4^4: Jg4 4** 4^4^ 4 
7fl4 471 7l«3 £^ ^ll S^l^s 44 SejE.** ^ A J4fe 4314, 4?1 44 #b)1h^ 4^1 

W^eH 471 ^11 t-sl^a.4 «4*«>i g ^12 *e^a ^I4<H^! a4t* ^44^ 4^14, 47] 44 

# i *7l 4i 471 ^S12 fBl^&4^4t°l 44 ^3 t^H* o]WQ 44 t^^44 ^44fe 4*1 

* £444 47) 7111, 42. g 43 f-?l°lfe 4^-a«fl 34 fel 0 ! 44^°H ^4-H mm ^4 

awa a 7M4 44 44 ^^1^44 S^fc 44fe, 47] 7l% 4°tl 44 «-44» ££4^ Jfli 4^1 
2 4 ^ 7flfi } ^- 7l §e|tf|^ ^iu 344^3* 3*1 Ajti 44 471 a-i-4^3^ 4*1*8: a 

4**f 471 ^1 «al°143 ^ ^^4 ^4Al7lfe ^4. 44 41 t^Ht^ ^434 ^ <8^* 44 44 
io S 4t11# a44^i; 44 3<H44 ^^4fe 47llfe, 44 4* S 44 «HH# 4i 44 J12 

ial4# £ae>«H 412 43-144 Wfe 4*14. 44 42 Wl^ 44 42 434^3 ^sf j 

<a^oi 4 7 ) #qiH* 4^1 i=8 11*1 44s}£^ 44 42 4444 44 42 34e}^3# fl* 44 
44 42 344^34 7f444 44 42 44444 ^ 3444fc 444, 44 42 «44^ 

4 ^444 t4 ^44 44 44^^ 4*H44fe 44* £444; 44 44 #4^44 f A J4fe 444 
44 44 44 €4h4, « s44 44 44 43 4444 ££44 43 44444 ^4. ^4 43 

idrtM- ^^444 ^71 43 44444 ^44 44 44 #4^4 S 344 4i 444^4 44 43 
$444 44 43 344^34 444S 44 44 43 344^34 444* £444 44 4314444 £ 
=8 <§44 ^444fe 444, 44 43 44444 3444 4£ ^44 44 444^- 44444fe 44# £ 
^.giii s.^ 0.5. ^-cl- 

44 4£4 444 4AJ44 44 4 4^4 4€ 44 4^ 444 4£4^4 4^4^ 4: ^4 444 4^44 
444 44 444 ^ 444 41 444s 4^4 44 #ei|H#4 W>4 444, 44 44 h.# 44 
i^44 44 41 444^4 S444 € 42 444^ 4444 3<>B4b *^«Hs 444, 4t1 44 

# « 44 a44 44 44 42 144M4 S=St4 44 43 444s. 4444 44 ^^4fe 44 
I £444: 44 41. 42, ^ 43 1444 4444 £444 4^ 444 4444 444 444*4344* 

7 >xi4; *7| 44 #e{| = 44 «^44 444 44 44 44 44 41 4444 ££44 41 44444 
5^4* 444 av 7 i %i fsinjf 4H1 41 344*33 444*1 44 44 4i 344^34 7>444 ^44 
4 Wl 41 44444 £4 ^44 3444* 444. 44 41 44444 44£ 444 44 444^44 
Szfftfc 44# £44^; 44 3444 *§44fe 444 44 44 « 44 44^4 44 47 42 *44i; £ 
S4 42 44444 ^444 444. 44 42 S4444 34444 44 42 44444 444 4444 1 
30301 a 7 i s>i=L #4h# 44 £4 444 444£4 44 42 £444 44 42 af^ai 444^1 4 
i 4-7I 42 3#4^34 4444 24*H 44 42 14444 £4 444 3444* 444, 44 42 444 
44 344 4^4 44 444^s 444444 444 £444= 44 44 tefl£#4 W\Z 44*, 44 
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7)%, 44 f-EllHf, % 2<Hf> #ef| X|3 l-a)o.]f- ££44 43 f * <H*H= 444, 4?) 43 444 

44 -3444*1 44 43 **M»<1 &44 ^4*14 »fe 4?) 44 €4£-4 g a oif. 44 444£4 
44 43 44 43 344^34 ^44*! 4-0- 44 ^3 3*4^34 4*144 £444 44 43 44 

444 i4 <344 <a444fe 444, 4?] 43 44444 "344 <q* 44 M^a ^444-4^ #44 
3£^.g}.^. gj-g. «g -^-4, 

4s 4*84 4444 m& 1^*1 « <*H 44 44 aajE ^a) 4S4H4, t#£4 £4 

44£47l-44$ *8^ t 44471" JI^S|fe V4 4, 444 4S4-3.7} <i41 <g44 44 ^§44 444 4 

^- 7 | t4£4' j£4 44^44 -#7l 444 4£4sL4 44 444 7} 444°-is. si^s).^, 44 
7] 4 44 44£ £4 <344 444 4£.4*# S44j*. 4?l 7] 32- 44 4^4 4€ ^4 ^44 -*7| t4£4 
£4 44^44 'Wte 43)& if 44 34 44^- 44. 

y% ?\itH 444 £444 *14 4 4^ oflofl 4^ e]H. 33 i^M 41 t 42 

71*4 4^44 #3] 4; 44 ^1 444 ^4 <344 f sjn] #£43.4 ^44:n. 41 4^ 4 £4 4444, 
44 42 444 ±4 ^o) 4447} 3i444 M 44 144a 44^4 ^4 44^4 * 42 44 4^4 4 
zj. 444; 44 44^4 at 44^4444 $34 #£43-4 #7l 4447} 443 o.£ 4ls|£4, 

#7] 41 £3 4h4 #71 42 44 4444-fe 434 £444 44 44. 
o}*H4, 4 444 4444 a j44 £«#* 4£4^ #^*1 ^^^4. 

-^-1 -^ll l] 

£ 3a E 3cfe ^ ^1^1 -^^NH 4S #^»1 t 4S wj-^^r ^^*>7l fl« 1^SfS4 3(a)tr 

Jf tEllH^i: mm 44^? ?MEt*l2, 3Cb)fe a<H^4 S-S^fe 44* 44^ 4^h# <: 'H, 3(c) 

^ ^ #4h^* ^^4fe 44# 44 1 * 4^s.#°14. £ 3a ^1^1 £ 3c°1^ a^-^iLfe *^£l 44^ ^ 
°14. 

£ 3( a )t t^4^. -8"^. SEfe jl-g-^S «>l^3j) 3gof 7l*(10) #4 4^ «5SlHf^ 4-&<il 41 1 

^ 5L^(Spin Coating) £3L4^ 41 #^^#(111)1: ^-*J44. «1 41 * 4 5 l A d4 

it*^^ ^4^14 ^fe ^^13 =84^4 4^ ifl^^^-g- 7H4- ^M, f-el^£} ^ 

4*1^4 t*« "SWI^ fHl^sl ^si^f-^t^ $.$<w 3 14^ ^14£l^ ^-4 

^4s}fe ^1 D 144. 

4-i-^l 41 44 41 3#p>^3C210)* fl^l4«4. Ht4^-3(2i0)t 4^ ?1*(211) 

^ 3f«s 4^(212)* ^^14 41 Hf 4^3(210)4 7^1^01 at 44(212) 

°] ^^sl^l 8** W144 4*14*1 ^444 m. t t 

a 4^-4, 41 a#4i3.(2i0)4 4*1 4-f ^444. °1 4, £44 4 ft 14^ 4i 3*4^3(2 10)«H ^4°1 4^ 

^4sjs.s. 41 !-2Ht(lH)£l c i^ 0 l ^4^1^ ^4. 
oloH ^-3]tf|tail) f 4-^i 4^-M°l £4^iM %m 4*14 4H^] t^H 44^^s 
^^-iiki-sn^ €4^t(H2)# ^^44. 444 44 #4^tdi2)£ 4^ 714(10) 4*1 ^ 1^44 ^ 
/ds)4 ^54 

£ 3(b)» 4^4^, 714(10) H 44 44H#(112) 44 a<H#S] ^12 =^4 ^(Spin Coat 

ins) £S4<^ 42 l-24Ht(12l)4 ^^44. °1 4, ^12 fej^fe 4*144 ^#^4 ^434 s|fe 

^^JiMS^ #58 444 44 J f^4 4*H, 41 121^^4 Mt«l € 1^^4 44^4. 



^-^4 s^M ^4^1fe 42 t^°it(121)3] ^ $m 44 #4h#(112) 44 34 
m$*\, 34 4^4 ^^^1 44 #4H$(112) 4*1 ^ <g^i fl^l*1^4 42 344^3(220)* ^1^14^4 

3 44 42 3 44^3(220)4 4*144 £444 34, 42 SeH4(l2l)*l *«W ^4^4 ^4- *1°14i 
rf 2 *ain|#(i2i) 444 444*1 S4^^s^ 444 4*14 4^4 444 te)^ ^44^-S. #444 
*H ^^#(122)4 ^4*4. 44^1 57< i 14(i22)4 44 €4^4(112) 4*1 ^^44 ^^s)4 «4. 
£ 3(c)4 mm, 7i*(io), 44 «sfl£f(H2), « ^44(122) 44 44 #31^4*1 4a°J 43 «fiJ4* 
^ ^ 44) *.S Hi44 43 €51^4(131)4 *§444. °1 4, 43 4al4^ ^4 4*144 £t*l^ ^4^4 
^fe -4«14 3444 44£*l 44 444 44 4^44 7V4«^, 42 1^4 M4 ^^4°1 44 fel47> 44^ 

444, 43 1-3144(131) 44 £ 3(a)sl 41 344^3(210) 9? £ 3(b)*l 42 344^3(220)4 447MS 4 
siA^i ^1^4 ^laj^j ^444 7>4^ 43 344^3(230)4 *144^14- 4 4 43 344^3(230)4 4«si^ 
43 , *2]rt#(131)Sj i4 ^4 344?]^ 444 *144 7 J4*1^ 43 4344(131)*) ^4 ^^4 44 #*)1 
H4dl2> ^ s>44(122) 44 *14*l£4 34 4^*14, 34 m& ^^°1 44 €4^4(112) « 34#(122) 
43] £4 <a«H ^14*1£4 43 344^3(220)4 ^4444 44- 444, 41 344 £ 3(210)4 43 344 

a 44 43 344^230)4 4*144 £444 34 43 f eW031)*i £4 ^^4 44*14 44 444 

43 4444(131) 444 4*144 £4-3 AM 44« 444 4*14 444 444 444 €44^s 4^1^44 

44 44 #4 £.4(132)4 ^444. 
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444 44 m)Zf (U2), 5144(122). ?J 44 #e!|^(132)-ar £L4 ^4 ^4HiL, 44Q0)4 £^ 
4 444 4^43(100)7} ^^5)^11 34. 

44 £ -S^HHHtt ^l, ^2, ^13 44434 444<>ll 444 ^44*=- 4^4 444* 444-a, *0l. ^2, ^ 
^44*1 ^44 *I44 44^14 Hfl- all €4 ^4St-2-4, 4ha1 o}<$ ^J-slfe 4^4. 

[^A]^ 2] 

41 *)2, ^ 43 444fe 4444 £4^1 444 4444 444 4445L4 44}3fe 444 4441- 
4444 #^°) 4£4s <fl*H ^.444. 444 ^4<>il S44 4^43 £44 *8£°5I 4434 *l 

42, ^ 43 3f^i3fe 44444 #4 44°H4 34 31] £4 ^44 $4. 444 444 g f-eH je 

s 4^4 444 fe)4 4^43 4£4"i4 ffi^as 4434 444 ^444. 

44, 7]* 44 41 444* 41 44444 ^44^, m 4444 44 41 af-4^3* 4444. ^ 

*S 41 a44<*H4 4444 ^a}*M 41 S4444 £3 444 4443 tl-S-i, $i #44#4 

4- 444 444444 444 444 44 f-?HH44 ^44. 

444 44 ^ 44 #2flH# 44 2)12 4444 £S*H 42 44444 *§^4^, 42 14444 Jft°H £4 
sjx] <g^o] 44 #E)lH# 44 444 4*14 £4 42 4444 44 42 35"^3f 4f44?J 44, 
^12 H44&H4 4444 ^A}*H 42 faints} £=3 444 £44?I 444, 42 44444 $s}3 444 
f 44 «^oi ^-Mij^oi 514 f-g- 3444. 

44*114, 44, 44 1415.4 , § £44 44 43 fe|4* ES«f^ 43 44444 344:a, 43 44444 $1 
<$fy$x] ^^^1 f-efls.f' ^ s<H# ^-i ^slslE^ ^13 f BWt ^1 ^3 3*">^3l- ^^-^l^l 
^13 a#4i3i 4*)^^2:AHH ^13 *3i>UM dt?8 <S^-S- e^ia ^03 fel^#si ^ 

tt^a, -i-^H l W ^ A H1 2i^lfe *fli, 42, ?l ?Ji3 5^°lsi £fe 4*1 -a*) £4* ^1^ *°1 

^^4^^14, fts4 «H ^t>5lfe 44^ 4-&-4J14 4fe *e?4^ 44 ^4 s^r ^4 ^4°! 4 
^»1 ^-g-S]^ ^ =^ 

£ 4fe £3(a) vH^l s. 3(c)*8 4^ 4^4^ ^4 ^lat^^S 44«^ 444 W 7l*4°fl 44 ?II4 # 

4H4s i44 ^^J4 44 ^Ife 7l)4£°14. 
£ 4-1 4^4'4 4 4^14 444 7l*;io) 4<H1 44 44 #4^ 4^4s i4(l00) ^m^, 1x2 %n 

%z]7} 4&.$x)#, 444 1-4 ^ 42.4s ^4(100) a>ohi^ $%o} ^4, 
0)4 #oi 714(10) 4<^1 44 m &\*\ 4£4s £4(1004} ^l^ s 4^1 £Aifi 44 4 
et«V^E s)?I44 o)-§-47i4 Sfe t4^(Cieaving) 4*3 s.£ 7l^-(io)4 444«1 444 14°1 4E4S ±4( 
100)# -g-44711 44. 444 °) 0 1 4£4s,fe ^44t)1 4 £ H^7l nji^-o]] ^-^ai-soi >y#^ e^a^) aj-^- 
^4*1 4A3^i ^0. £i ^ D |. f-^o) ^711 €4 3^2, 44 444 44°! 4s4s. ^4(100)4 71 
4(10) 4°)lt £^4 € ^D4?fl 4°^ ^ 3-4°!l 44^4 Hfe 44^4 ^ 4 A 444 ^ 4 € 4 4 °1 4^ 
%*.s.q 45L4 4^^14^^4 4^4711 €4. 

^l^^Ai, f Bici #s4s4 ^^4"S4 °144 44«4h =§}3 £44 ^15 ; 4 , S# ^^44. 
[4aH] 3] 

3= 5fe 4 4^4 44°! 4^4S4 ^ia4^4 <>144 44B4h ^ £7>4 ^^4^4 o a 4^ 4* 44<« 
4^44 44?14s#44. , . , 

£54 42:44, 44 44£4^ 44^44 ^4(11), 4^44 ^4fe v4*(i2). ^ 444 4e4 
5. &*}7} ^41 ^4(13)4 44 7)4(10H ^-^44. 

q-g-o)l »ie) 4^ 4^(10)4 < g4(i3) c ']l 444 4^-4^. £4(100)4 ^^4^-, 44 4€4 4*(io)4 
z}.zjsl 4# 44(11, 12H 44£4 44^(60)4 444 4e4s £4(100)4 4^4?> 444^.^. 
^islsf #%±*\ sfe 4 ^-£4(60)4 4444 44S-4H ^4 £4(300)* ^ls44. 4 *i *44 4ff-4s. 
^4(i00fe 444 4 444 444 4^4^ ^fls4^ 0 il 444 44 444 44(10) 44 £^ 44Q3)°H ^ 
44. 

44 44 44£4 44£44 444 45.43.7} 44 S V4 4(11, 12, 13)4 44 ^ A ^4 44 s ! 
£-44 4E4S. £4(100)^ ^444 q^s. 444 4^4s £4(100)7} m 444 #444£.a ^"S 
^sIes. 44(10) 44 444 #4 t 1 ^ 0 !) 444 44 ?4s 444711 144 4^4^ £7}(100)4 <§44 4 
S14. 

[4 a] ^1 4] 

£ % Tgv$<n f2i»| 3g-tE4a4 211 £4114 444 44«4^ ^4 £44 *na4^4 4€ *l*fl 4# 44 i 
1- -S444 fl4 7»4£*44, 4 "4, £ 64 (A4r 4^ 4^43. £44 ^-^4 Ji ^11 4^ 34|h#4 44^ ^11 
4*4 44vll^ 71145L4J1, (B)4 4444 a^4 v4 44 ^4-a 44£4 44£4 ^ 42 44 
4 4*14 42 444 44^1^ i4£44, (C)fc (A)4 ^1 444 (B)4 ^12 7]44 ^44^-5.4 xfls444 4 
4«4h. 44 £44 44^ ?1I4£44. 

4 ^a]ohia^ b]2eai 4444, 44 ^4 4^43 £47} *i^4 £4 444 4€€ 4l 444 44£4 S-fe 
44£47}4^)4 444 4^44 s44fe v4 44 ^12 444 4^44. 4 «4 Jfli ?l*4 ^2 4*4 
^44a14 "fl 44£4 £fe 44£^}4 4^43 £44 4444 44 4 £3 4^4^4 41 44 ^ 42 4 4^ 
fe 4* ^444 44 ^ A J44 Sa4. 
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444 £ 64 4±44, 411 44(10)4 p 14 444 ±3 44°fl 444 4^4^ ±4(100)1- 444 4 

£4A ±4(100)7} 34*14 &4 411 44(10)4 444 444 ^4fe 4l 43 *S(71)# 4 4W«4. 

42 44QQ , )4 44 pj.^^ <g^6fl 44±7> SE4 44±4(60)4 -€^1*1-3, 44±4 ^fe 44±4(60)7> 
444 444 V4 44 ^44 44(12)4 444 42 44(10')4 444 ^44 ^44?- 42 m 4B(72)44 
4444. o| nil, ^ s|)h(71)#4 42 43 4s-(7Z)%°] 444S24 "fl 44 §4« 3H 4444 = 

4 4l 4 ^12 43 4-£(71, 72)1-4 4444. 

a 444, 41 §1 412 44(10, 10')4 31 4444 ^445:4 4l 43 4^(71)4 42 43 4 £-(72)4 

tXrtSLS.^ 44 H. 3)je ^4 &7K400)* 4^44. 

olA 44 44±4 £4 44±44 ^#7f j>34 v4 44 444 444 4S-4-3.4 *g44 444 4 
4 t7Hs'*H 4 ±44 344^ 434 4£4s4 ±4 ^3 444 4444^l 34 ^l^ss 4* 44 4 

3 so s S 3<i 4*84 '3** 44 4444 13?°! 4sl4^4 34t 4 44. 

.44 

44 44 4 t<34 44 444 45-4^4 $44 °144 44 £4 h 34 ±44 4±41H1 

444 34 4H4S1- 4*344 44 t1&* , 3«1* . Si #4 44^=44 ^4 33 444 4444^-S 34 
44 44 ±3 4444 34 ^limi ^4 4£4s# 444 ±4 aflaM $44 £443 91 4444 4 
?g o] SI Til 4 4 444^ 4 1 4?1} 4±44 4±4 4 $4. , , , 

stf sHMh 34 ±44 *fla.44 344 f #£4 2=4 44±44 4^4^-4 444 34, 4^47} :a34 

4 V4 44 44i a] 2] 3^4 444 4S4S-& 34 3343 44£4h 34 ±4# ^*>te 44^ 4^4 
1 -*!*14-^*| 4 0 iaBjE ±41- 4*]4?« 1 44- ( , , 
4 4^4 4?] -^4^1-^4 43s)4 4-£-4 4 4^^l 44 VH-H 4 444 -§44 ^144 44 441 4 
sll ^4 4^*1 4^-44 ^«J!44. 

(57) ^4-2) 
1 

jrf^ 44*4 p>^4fe 47)14, 4?1 444 ±3 ^^H 4]l #b1^.?- *1^»14 44 #211h#4 ^^44 4414. 4 
4 44 #2||H# ±3 44 4U 1 al^a.4 S44 ,: 'l £ 412 »]^44 a4t4 W14 4 

414, 44 44 W4s.% $ 44 s4t 4i 44 412 4eHj£4 44 413 fe^s ^4 f-si] 

-asi!*}^ 47I1S- 3L44S]: 
44 4i, 42, 4 413 -1444 444i 
4*H; 

sj^t. #e)]h#4 «^3*>fe 4414. 44 44 4i 44 411 -1444 ££*H ^l 1 4^444 ^-^Kr 441 
4, 44 41 4444 4°H ^11 a44^B4 ^444 44 44 411 3Wi3l 44 ^444 44 4ll 4 
444^ ±3 ^44 ^444fe 4414, 44 4U 44444 ^444 &4 ^44 44 44^^ 444444 
t4^]|| i44ja; 

a <^f ^ ^444 4414, 44 44 3 44 4^4 4i 44 4l2 4444 £5.*H 4)2 44444 ^4 
4fe 4414 44 412 44444 7J4444 44 *!l2 44444 ^44 ^44 44 44 !4S^4 44 ±3 <S 
tidn 444-E4 44 412 4444 4°H 412 a44±3t 4444 44 44 4]2 344^a<>ll 7^)44 ±44 
4 44 4)2 44444 ±3 S§44 ^4444 4414, 44 412 444*4 ^4 ^44 44 444^ 

44 44 4^44 ^ 44 44)4, 44 44, 44 % ^44 4°i) 44 413 4444 £&44 413 

«d44* ^44fe 4414 44 41 3 44444 ^^444 44 4]3 444#4 ^44 444 44 44 4^1^ 
4 « 344 4i 444^4 44 413 444# 4i 43 a44±3« 444^ 44 44 413 a44±=H 44 
44 £444 44 43 44444 ±4 ^44 ^§4444 4414. 44 413 44444 3444 &4 ^44 4 
4 §444^fe 4414 S444 44 44 444 4^4^4 41±4«J. 

^4^- 2. 

411 44 444, 44 444 444, 44, £4 ^44-s 4¥44fe ^4 44 444 4^4&4 412: 

4^. 

3. 

4^11 

^•^■■4 4 

411 44 444. 44 41. 42, 4 43 3 44±34 41, 42, 4 43 4444 444 3444 S^4 <844 a4 
444 44 43 44 444 4E4-S-4 4 ±4^. 

44 444 4444 4414, 44 444 ±3 444 41 4443. 4444 44 4e|] = 44 1H44 444. 4 
4 W #sflH4 44 ±3 444 44 41 444^4 m%°) € 42 444s 4444 3444 W>4 4 
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44, 4-4 44 td£* S 44 44 44 42 444-214 ^lf-4 4£ 43 S34S. °l^-44 44 #4 
t§44£- 44# £444: 

4-7I 41, ^2, ^ 43 f-el^ife 4444 ^43*1 44 44*1 4444 4 44 £-4 444^ 444 ?>4 

44. #4h44 444fe 44 fc, 44 4 #44 #4 41 44°1f E£44 41 f 4444 lilWs 44 
4, 44 41 44*14 -8-4 41 3*o>&3* 4444 44 44 41 3#4^34 444t a&444 44 41 * 
3J444 £4 <-H4 WWte 444, 44 41 44444 44€ ^44 -3-71 444-2-S 44444^ 44# 

44 a*)ff 1!44fe 444, 44 H 44 #4^4 44 44 42 44^1- J££44 42 #44 #4 ^4 
4£ 444, 44 42 #51444 44444 4?l 42 fEHf 4 £44 4434 4^ 44 44 «efl^. 
* 44 £4 «g«M 444-^4 44 42 Se14* 44 *2 344^3* 444?] 4* 44 42 sf-4^34 4 
9)$.% a4*H 44 42 f eH44 334 4444^ 444, 44 42 43443 34« "334 44 t 
44-^3. 44-WR^ 44S £444; 

44 44 44^4 * 444^ 444 44 44, 44 €4^4, 9) ^44 44 44 43 44°!# ££44 43 
44444 *8^44 444, 44 43 43444 44443 44 43 44344 444 4434 4fe ^33 4 
7] 44 W4E4 $ s44 44 433£^ 44 43 4444 44 43 3*4^34 444?! 44 44 43 3 
*4£34 4444 3:444 44 43 #3 4 #3 £-4 444 4444^ 444. 44 43 f el 4 44 $4^ 3 

44 44 $43^s 44444^ 441- £44fc 3J4 *Nt 444 4H4M 4^44 

45 44 #44, 44 41, 42, S 43 3*«}&afe 41, 42, S 43 #344 &44 4434 44 3 34 34 
444 44 43-£.sl 4tr £33 4S4S-4 4^44 

^74 7, 

41 4 45 44 5144, 41, 42, ^ 43 444^ ^4 34 44 £24^ 3* 44 ^ 4fe 144 4 
E4S.4 4244. 

44^4 *£fe 44^44 44H 43. 4444 n33£ V4 4 433 <§4t 333 44 «4€ 

4^4^444; 

44 44^4 se^ ^4i44 44 144 4e4s4 44 4^4?)- 444^ 444^4. 44 4* 44 44 
4 dh4 ^44 444 4£4s# 4 4 4s, 44 4*44 4^4 4# 4^4 44 44^4 5&fe 44^4* 
444^ 44# £44fe 44 M 4^ 44^4^1 4^44 
^?-4 9. 

41 S 42 44 444 4^4fe 444; 

44 41 4^4 i4 ^^4 fa|4 4H4s.» *§44Ji 41 4^ 4^1- 4444, 44 42 4#4 ^44 
$■$$■7} a44^ v4 44 ^44s 44£4 £fc 44^4 ^ 42 4^ Jfls* 44 ^44fe 444; 
44 44^4 Sfe 44^44 44 t^H 4H4a4 44 4447]- 44^^-S. 444^-4, 44 41 &4 4^ 
4 44 42 41! 4Hf- £444^ 44* £44^ 4°1M4h 4,^4 4=£44. 




- 7 - 



l*S*tH 10-0400367 




-6- 



S^sg] 10-0400367 





^mtW;^ 10-0400367 




-10- 




- 11 - 



